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(54) HYBRID WORKING MACHINE AND SERVO CONTROL SYSTEM

(57)  Anhybrid working machine has an electric power
accumulator charged by a generator driven by an engine
and has an electrical load driven with electric power from
the electric power accumulator. The hybrid working ma-
chine includes a direct-current bus electrically connected
to the electric power accumulator, a voltage detector con-

figured to detect the voltage of the direct-current bus, and
a drive control part configured to control the driving of
the generator based on the detected voltage value of the
voltage detector. The drive control part is configured to
control the generator based on the deviation between
the detected voltage value and a voltage command val-
ue.
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Description
TECHNICAL FIELD

[0001] The present invention relates to working ma-
chines, and more particularly to a hybrid working machine
having a hydraulic pump driven by driving an electric mo-
tor with electric power from an electric power accumulator
and to a servo control system.

BACKGROUND ART

[0002] Many working machines are hydraulically driv-
en. Examples of hydraulically driven working machines
include hydraulic shovels. Generally, in hydraulic shov-
els, a shovel is driven, an upper-part turning body is
caused to turn, and a lower-part traveling body is caused
to travel using hydraulic actuators (hydraulic cylinders
and hydraulic motors). In general, a hydraulic pressure
supplied to hydraulic actuators is often generated by a
hydraulic pump whose drive source is an engine. In this
case, the outputs of the hydraulic actuators are deter-
mined by the output of the engine.

[0003] A full capacity of the engine is not always re-
quired and, for example, 90% or 80% of the capacity is
often sufficient for the operations of hydraulic shovels.
Therefore, the operation mode of the hydraulic shovel is
changed according to work loads so as to optimize engine
output control for each of different work loads, thereby
efficiently driving the engine toimprove fuel consumption.
[0004] Forexample, itis made possible to set different
operation modes such as "a high load mode" for perform-
ing a load operation corresponding to the maximum out-
put of the engine, "a normal load mode" for performing
a normal-load operation, and "a low load mode" for per-
forming a light-load operation. Then, iso-horsepower
control is performed so as to equalize the drive torque
required by the hydraulic pump to drive the hydraulic ac-
tuators with the output torque of the engine in each op-
eration mode, thereby efficiently utilizing the output of
the engine to improve fuel consumption.

[0005] Ingeneral, hydraulic shovels are equipped with
an engine whose maximum output is equal to its output
in the "high load mode." However, the operation is far
less often performed in the "high load mode" than in the
"normal load mode." Therefore, when the hydraulic shov-
el is operated in the "normal load mode," the engine out-
putis less than its maximum. In other words, the hydraulic
shovel is equipped with a large engine whose output is
excessive for the operation in the "normal load mode."
[0006] In recent years, there has been a demand for
reduction in the amount of fuel consumed by the engine
in hydraulically driven working machines including the
above-described hydraulic shovel. Simple reduction in
the size of the engine would result in insufficient hydraulic
output at the time of operating in the "high load mode."
Therefore, so-called hybrid hydraulic construction ma-
chines have been developed that are equipped with an
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engine, agenerator driven by the engine, an electric pow-
er accumulating part charged by the generator, and an
electric motor driven with the electric power of the electric
power accumulating part. (See, for example, Patent Doc-
ument 1.)

[Prior Art Document]
[Patent Document]

[0007] [Patent Document 1] Japanese Laid-Open Pat-
ent Application No. 10-103112

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0008] In hybrid working machines, working power
(that is, power to drive the hydraulic pump) is obtained
from not only the engine but also the assist motor (electric
motor). The assist motor is driven with electric power
from the electric power accumulating part.

[0009] Insome hybrid working machines, some driven
parts are driven not hydraulically but electrically. For ex-
ample, some hydraulic shovels have the upper-part turn-
ing body driven to turn by a turning electric motor. In this
case, like the assist motor, the turning electric motor also
is electrically connected to the electric power accumula-
tor (battery) via a direct-current bus (DC bus).

[0010] The above-described electric power accumula-
tor (battery) keeps the voltage of the DC bus constant.
That is, if the voltage is higher at the direct-current bus
(DC bus) than at the electric power accumulator (battery),
electric currentflows from the direct-current bus (DC bus)
to the electric power accumulator (battery) to charge the
electric power accumulator (battery). On the other hand,
if the voltage is lower at the direct-current bus (DC bus)
than at the electric power accumulator (battery), electric
current flows from the electric power accumulator (bat-
tery) to the direct-current bus (DC bus) to discharge the
electric power accumulator (battery).

[0011] Here, afailure of the electric power accumulator
(battery) prevents the voltage of the DC bus from being
controlled. In this case, not only is itimpossible to charge
the electric power accumulator (battery) but also it is im-
possible to drive electrically driven parts supplied with
electric current from the DC bus to be driven (such as
the above-described turning electric motor).

[0012] However, aside from the electrically driven
parts, hydraulically driven parts, which may be driven with
the output of the engine, are drivable without assist from
the assist motor. Accordingly, it is desired to be able to
drive the electrically driven parts by supplying the elec-
trically driven parts with electric power generated by the
assist motor without performing the voltage control of the
direct-current bus (DC bus).
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MEANS FOR SOLVING THE PROBLEMS

[0013] Inorderto achieve the above-described object,
according to an embodiment of the present invention, a
hybrid working machine having an electric power accu-
mulator charged by a generator driven by an engine and
having an electrical load driven with electric power from
the electric power accumulator is provided that includes
a direct-current bus electrically connected to the electric
power accumulator; a voltage detector configured to de-
tect a voltage of the direct-current bus; and a drive control
part configured to control driving of the generator based
on a detected voltage value of the voltage detector,
wherein the drive control part is configured to control the
generator based on a deviation between the detected
voltage value and a voltage command value.

[0014] Further, according to another embodiment of
the present invention, a servo control system having an
electric power accumulator charged by a generator driv-
en by an engine and having an electrical load driven with
electric power from the electric power accumulator is pro-
vided that includes a direct-current bus electrically con-
nected to the electric power accumulator; a voltage de-
tector configured to detect a voltage of the direct-current
bus; and a drive control part configured to control driving
of the generator based on a detected voltage value of
the voltage detector, wherein the drive control partis con-
figured to control the generator based on a deviation be-
tween the detected voltage value and a voltage com-
mand value.

EFFECTS OF THE INVENTION

[0015] According to the present invention, by control-
ling the voltage of a direct-current bus by a motor gen-
erator, itis possible to supply an electrical load with elec-
tric power via the direct-current bus and drive the elec-
trical load without keeping the voltage of the DC bus con-
stant by an electric power accumulator.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016]

FIG. 1 is a side view of a hybrid hydraulic shovel.
FIG. 2 is a block diagram illustrating a configuration
of a drive system of the hybrid hydraulic shovel illus-
trated in FIG. 1.

FIG. 3 is a block diagram illustrating a configuration
of an electric power accumulation system.

FIG. 4 is a diagram illustrating a modeled power sys-
tem of the hybrid hydraulic shovel illustrated in FIG.
1.

FIG. 5 is a diagram illustrating a modeled control
system of the hybrid hydraulic shovel illustrated in
FIG. 1.

FIG. 6 is a functional block diagram of an example
of the control of switching a voltage control mode.
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FIG. 7 is a functional block diagram of another ex-
ample of the control of switching the voltage control
mode.

FIG. 8 is a flowchart of a process for switching the
control mode of a motor generator.

FIG. 9 is a block diagram illustrating a configuration
of a series hybrid hydraulic shovel to which the
present invention may be applied.

DESCRIPTION OF EMBODIMENT

[0017] Hybrid working machines to which the present
invention is to be applied may be any working machines
as long as the working machines are hydraulic working
machines that perform operations with a hydraulic pres-
sure generated by a hydraulic pump by driving the hy-
draulic pump while assisting an engine with a motor gen-
erator driven with electric power from a battery. Examples
of such hybrid working machines include power shovels,
lifting magnets, cranes, and wheel loaders.

[0018] First, a description is given of a hybrid hydraulic
shovel as an example hybrid working machine to which
the present invention is applied.

[0019] FIG.1isasideview of a hybrid hydraulic shovel.
An upper-part turning body 3 is mounted through a turn-
ing mechanism 2 on a lower-part traveling body 1 of the
shovel. A boom 4 extends from the upper-part turning
body 3. An arm 5 is connected to the end of the boom 4.
Further, a bucket 6 is connected to the end of the arm 5.
The boom 4, the arm 5, and the bucket 6 are hydraulically
driven by a boom cylinder 7, an arm cylinder 8, and a
bucket cylinder 9, respectively. Further, a cabin 10 and
power sources (not graphically illustrated) are mounted
on the upper-part turning body 3.

[0020] FIG. 2is a block diagram illustrating a configu-
ration of the drive system of the hybrid hydraulic shovel
illustrated in FIG. 1. In FIG. 2, a double line, a solid line,
a broken line, and a one-dot chain line indicate a me-
chanical power system, a high-pressure hydraulic line, a
pilot line, and an electric drive and control system, re-
spectively.

[0021] An engine 11 as a mechanical drive part and a
motor generator 12 as an assist drive part are connected
to the input shafts of a transmission 13 as a power-up
machine. Further, a main pump 14 and a pilot pump 15
are connected to the output shaft of the transmission 13.
A control valve 17 is connected to the main pump 14 via
a high-pressure hydraulic line 16. Here, the engine 11
and the motor generator 12 may be directly connected
without using a transmission.

[0022] The control valve 17 is a controller that controls
a hydraulic system. Hydraulic motors 1A (for the right)
and 1B (for the left) for the lower-part traveling body 1,
the boom cylinder 7, the arm cylinder 8, and the bucket
cylinder 9 are connected to the control valve 17 via high-
pressure hydraulic lines.

[0023] An electric power accumulation system 120 in-
cluding an electric power accumulator is connected to
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the motor generator 12 via an inverter 18. A turning elec-
tric motor 21 is connected to the electric power accumu-
lation system 120 via an inverter 20. The turning electric
motor 21 is an electrical load in the hybrid hydraulic shov-
el. A resolver 22, a mechanical brake 23, and a turning
transmission 24 are connected to a rotation shaft 21A of
the turning electric motor 21. An operation apparatus 26
is connected to the pilot pump 15 via a pilot line 25. The
control valve 17 and a pressure sensor 29 as a lever
operation detecting part are connected to the operation
apparatus 26 via hydraulic lines 27 and 28, respectively.
The pressure sensor 29 is connected to a controller 30
that controls the driving of an electric system.

[0024] The hybrid hydraulic shovel having the above-
described configuration is a hybrid construction machine
that uses the engine 11, the motor generator 12, and the
turning electric motor 21 as power sources. These power
sources are mounted on the upper-part turning body 3
illustrated in FIG. 1. A description is given below of each
part.

[0025] The engine 11, which is, for example, an inter-
nal combustion engine constituted of a diesel engine,
has its output shaft connected to one of the input shafts
of the transmission 13. The engine 11 is operated con-
stantly during the operation of the construction machine.
[0026] The motor generator 12 may be an electric mo-
tor capable of both a power running operation and a gen-
erator operation. That s, the motor generator 12 is a gen-
erator and electric motor. Here, a motor generator driven
by the inverter 18 is illustrated as the motor generator 12.
[0027] This motor generator 12 may be constituted of,
for example, an IPM (Interior Permanent Magnet) motor
having magnets embedded in a rotor. The rotation shaft
of the motor generator 12 is connected to the other one
of the input shafts of the transmission 13. In this embod-
iment, the motor generator 12 capable of both a power
running operation and a generator operation is used. Al-
ternatively, an electric motor that performs a power run-
ning operation and a generator that performs a generator
operation may be connected to the engine 11 via a trans-
mission.

[0028] The transmission 13 has two input shafts and
one output shaft. The two input shafts are connected to
the drive shaft of the engine 11 and the drive shaft of the
motor generator 12, respectively. Further, the output
shaft is connected to the drive shaft of the main pump
14. The power running operation and the generator op-
eration of the motor generator 12 are switched by the
controller 30 in accordance with a load on the engine 11.
[0029] The mainpump 14 is a hydraulic pump that gen-
erates a hydraulic pressure to be supplied to the control
valve 17. The hydraulic pressure generated in the main
pump 14 is supplied via the control valve 17 to drive each
of the hydraulic motors 1A and 1B, the boom cylinder 7,
the arm cylinder 8, and the bucket cylinder 9, which are
hydraulic loads. The pilot pump 15 is a pump that gen-
erates a pilot pressure necessary for a hydraulic opera-
tion system.

10

15

20

25

30

35

40

45

50

55

[0030] The control valve 17 is a hydraulic pressure
controller that hydraulically controls the driving of the hy-
draulic motors 1A and 1B for the lower-part traveling body
1, the boom cylinder 7, the arm cylinder 8, and the bucket
cylinder 9, which are connected via high-pressure hy-
draulic lines to the control valve 17, by controlling hy-
draulic pressures to be supplied to them in accordance
with operational inputs by an operator.

[0031] Theinverter 18, which is provided between the
motor generator 12 and the electric power accumulation
system 120 as described above, controls the operation
of the motor generator 12 based on commands from the
controller 30. Thus, when controlling the power running
operation of the motor generator 12, the inverter 18 sup-
plies necessary electric power to the motor generator 12
from the electric power accumulation system 120. On the
other hand, when controlling the generator operation of
the motor generator 12, the inverter 18 supplies the elec-
tric power accumulation system 120 with the electric pow-
er generated by the motor generator 12.

[0032] The electric power accumulation system 120 is
provided between the inverter 18 and the inverter 20.
Thereby, the electric power accumulation system 120
serves as a power supply for supplying necessary electric
power for the power running operation during the power
running operation of at least one of the motor generator
12 and the turning electric motor 21, and for storing the
electric power generated by the generator operation or
a regenerative operation during the generator operation
or the regenerative operation of at least one of the motor
generator 12 and the turning electric motor 21.

[0033] FIG. 3 is a block diagram of the electric power
accumulation system 120. The electric power accumu-
lation system 120 includes a battery (capacitor) 19 as a
fluctuating voltage electric power accumulating part. In
this embodiment, a capacitor (an electric double layer
capacitor) is used as the battery 19. The battery 19, how-
ever, is not limited to a capacitor and may be any battery
as long as the battery may be repeatedly charged and
discharged. The battery 19 is connected via a step-up/
step-down converter 58 to a DC bus 110, which is a con-
stant voltage electric power accumulating part. The in-
verters 18 and 20 are connected to the DC bus 110.
[0034] The inverter 20, which is provided between the
turning electric motor 21 and the battery 19 as described
above, controls the operation of the turning electric motor
21 based on commands from the controller 30. As a re-
sult, during the power running operation of the turning
electric motor 21, necessary electric power is supplied
from the electric power accumulation system 120 to the
turning electric motor 21. Further, during the regenerative
operation of the turning electric motor 21, the electric
power generated by the turning electric motor 21 is sup-
plied to the electric power accumulation system 120 to
charge the battery 19. Here, in FIG. 2, an electric motor
is used as the turning electric motor 21. The electric mo-
tor, however, may also be used for other purposes than
turning. Further, multiple electric motors may be connect-
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ed to the electric power accumulation system 120 and
controlled.

[0035] The turning electric motor 21, which may be an
electric motor capable of both a power running operation
and a regenerative operation, is provided in order to drive
the turning mechanism 2 of the upper-part turning body
3. At the time of the power running operation, the rotating
force of the rotational driving force of the turning electric
motor 21 is amplified by the transmission 24, and the
upper-part turning body 3 is subjected to an acceleration
or deceleration control to make a rotational movement.
Further, the rpm is increased in the transmission 24 by
the inertial rotation of the upper-part turning body 3 to be
transmitted to the turning electric motor 21, thereby mak-
ing it possible to regenerate electric power. Here, an elec-
tric motor AC-driven by the inverter 20 based on a PWM
(Pulse Width Modulation) control signal is illustrated as
the turning electric motor 21. This turning electric motor
21 may be constituted of, for example, an IPM motor of
a magnet embedded type.

[0036] The operation apparatus 26, which is an input
device for allowing an operator of the hybrid hydraulic
shovel to operate the turning electric motor 21, the lower-
part traveling body 1, the boom 4, the arm 5, and the
bucket 6, includes levers 26A and 26B and pedals 26C.
The lever 26A, which is a lever for operating the turning
electric motor 21 and the arm 5, is provided near the
driver’s seat of the upper-part rotating body 3. The lever
26B, which is a lever for operating the boom 4 and the
bucket 6, is provided near the driver’s seat of the upper-
part rotating body 3. Further, the pedals 26C, which are
a pair of pedals for operating the lower-part traveling body
1, are provided at the foot of the driver’s seat.

[0037] The operation apparatus 26 converts a hydrau-
lic pressure (a primary-side hydraulic pressure) supplied
through the pilot line 25 into a hydraulic pressure (a sec-
ondary-side hydraulic pressure) corresponding to the
amount of operation by the operator, and outputs the
converted hydraulic pressure. The secondary-side hy-
draulic pressure output from the operation apparatus 26
is supplied to the control valve 17 through the hydraulic
line 27, and is also detected by the pressure sensor 29.
[0038] When the levers 26A and 26B and the pedals
26C are respectively operated, the control valve 17 is
driven via the hydraulic line 27, so that the hydraulic pres-
sures inside the hydraulic motors 1A and 1B, the boom
cylinder 7, the arm cylinder 8, and the bucket cylinder 9
are controlled. As a result, the lower-part traveling body
1, the boom 4, the arm 5, and the bucket 6 are driven.
[0039] The hydraulic line 27, which is actually com-
posed of eight hydraulic lines in total: two each for oper-
ating the hydraulic motors 1A and 1B (that s, four in total)
and two each for operating the boom cylinder 7, the arm
cylinder 8, and the bucket cylinder 9 (that is, six in total),
is illustrated as a single hydraulic line for convenience of
description.

[0040] In the pressure sensor 29 as a lever operation
detecting part, a change in the hydraulic pressure inside
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the hydraulic line 28 due to the turning operation of the
lever 26A is detected. The pressure sensor 29 outputs
an electrical signal representing the hydraulic pressure
inside the hydraulic line 28. This electrical signal is input
to the controller 30. This makes it possible to determine
the amount of turning operation of the lever 26A with
accuracy. Further, while a pressure sensor is used as a
lever operation detecting part in this embodiment, a sen-
sor that reads the amount of turning operation of the lever
26A directly as an electrical signal may also be used.
[0041] The controller 30, which is a control unit that
controls the driving of the hybrid hydraulic shovel, in-
cludes an engine control part 32 and a drive control unit
40. The engine control part 32 sets a target rpm at the
time of engine operation and controls the amount of fuel
injection for maintaining the rpm.

[0042] The drive control unit 40 controls the outputs of
the turning electric motor 21, the motor generator 12, and
the main pump 14 based on signals from the pressure
sensor 29, the inverters 18 and 20, and the resolver 22.
[0043] Next, a description is given of drive control of
the above-described hybrid hydraulic shovel.

[0044] FIG. 4isadiagramillustratinga modeled power
system of the above-described hybrid hydraulic shovel.
Inthe model diagram of FIG. 4, a hydraulic load 54, which
corresponds to components driven with a hydraulic pres-
sure, includes the above-described boom cylinder 7, arm
cylinder 8, packet cylinder 9, and hydraulic motors 1A
and 1B. The hydraulic load 54 is supplied with the hy-
draulic pressure generated in the main pump 14, which
is a hydraulic pump. The engine 11 drives the main pump
14, which is a hydraulic pump, by supplying the main
pump 14 with power. Thatis, the power generated by the
engine 11 is converted into a hydraulic pressure by the
main pump 14 to be supplied to the hydraulic load 54.
[0045] An electrical load 56, which corresponds to
components driven with electric power, such as an elec-
tric motor and an electric actuator, includes the above-
described turning electric motor 21. The electrical load
56 is supplied with electric power from the battery 19 via
the converter 58 to be driven. The case where the elec-
trical load 56 is being driven is referred to as a power
running operation. The electrical load 56 can regenerate
electric power like an electric motor and generator, for
example. The regenerated electric power is supplied to
the DC bus 110 of the electric power accumulation sys-
tem 120 to be stored in the battery 19 via the converter 58.
[0046] The battery 19 of the electric power accumula-
tion system 120 is charged with regenerated electric pow-
erfrom the electrical load 56 as described above. Further,
when the motor generator 12 receives power from the
engine 11 to operate as a generator, it is also possible
to supply and charge the battery 19 of the electric power
accumulation system 120 with the electric power gener-
ated by the motor generator 12. In this embodiment, a
capacitor (an electric double layer capacitor) is used as
the battery 19.

[0047] Inthe hybrid hydraulic shovel configured as de-
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scribed above, the opening of a circuit between the con-
verter 58 and the battery 19 of the electric power accu-
mulation system 120 or the occurrence of a failure in the
converter 58 prevents the voltage of the DC bus 110 from
being controlled. In this case, not only is it impossible to
charge the battery but also it is impossible to drive the
turning electric motor 21, which is driven with electric
current supplied from the DC bus 110.

[0048] However, the main pump 14 for generating a
hydraulic pressure may be driven with the output of the
engine 11. Therefore, the main pump 14 is drivable with-
out assist from the motor generator 12. Further, without
the converter 58 controlling the voltage of the DC bus
110, the turning electric motor 21 may be driven by con-
trolling the voltage of the DC bus 110 by supplying the
DC bus 110 with electric current through power genera-
tion by the motor generator 12. Accordingly, if it is impos-
sible for the converter 58 to control the voltage of the DC
bus 110 in the case of the opening of a circuit between
the converter 58 and the battery 19 of the electric power
accumulation system 120 or in the case of the occurrence
of a failure in the converter 58, the voltage of the DC bus
110 is controlled by the motor generator 12 to drive the
turning electric motor 12 with not electric current from the
battery 19 but electric current from the motor generator
12.

[0049] FIG. 5 is a block diagram illustrating a control
system of the above-described hybrid hydraulic shovel.
In FIG. 5, the same components as those illustrated in
FIG. 2 and FIG. 3 are referred to by the same characters,
and a description thereof is omitted.

[0050] In this embodiment, the hybrid hydraulic shovel
includes a speed sensor 60 that detects the rotational
speed of the engine 11, a current sensor 62 that detects
the electric current of the motor generator 12, a voltage
sensor 64 that detects the voltage of the DC bus 110, a
current sensor 66 that detects electric current flowing be-
tween the capacitor 19 and the converter 58, and a volt-
age sensor 68 that detects the voltage across the capac-
itor 19.

[0051] The detected speed value of the speed sensor
60 is fed to a speed control part 30a of the controller 30,
which is a control part. The speed control part 30a con-
trols the rotational speed of the engine 11 based on the
fed detected speed value.

[0052] The detected voltage value of the voltage sen-
sor 64 is fed to a first voltage control part 30b and a
second voltage control part 30c of the controller 30. The
detected current value of the current sensor 62 is fed to
the second voltage control part 30c of the controller 30.
The first voltage control part 30b controls the voltage of
the DC bus 110 via the converter 58 based on the de-
tected voltage value fed from the voltage sensor 64. The
second voltage control part 30c controls the voltage of
the DC bus 110 via the inverter 18 and controls the torque
of the motor generator 12 based on the detected current
value fed from the current sensor 62 and the detected
voltage value fed from the voltage sensor 64. The voltage
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control by the second voltage control part 30c is per-
formed based on the detected voltage value from the
voltage sensor 64, and is performed alternatively when
the voltage control by the first voltage control part 30b is
not performable.

[0053] Thedetected currentvalue ofthe currentsensor
66 and the detected voltage value of the voltage sensor
68 are fed to a failure detecting part 30d of the controller
30. The failure detecting part 30d is also fed with a failure
signal from the converter 58. The failure detecting part
30d generates an abnormality signal when the detected
current value of the current sensor 66 and the detected
voltage value of the voltage sensor 68 are abnormal or
when the failure signal is fed from the converter 58. Then,
the failure detecting part 30d feeds the second voltage
control part 30c with the abnormality signal as a switch
signal.

[0054] In response to reception of the switch signal,
the second voltage control part 30c controls the voltage
of the DC bus 110 by controlling the driving of the motor
generator 12 by voltage control based on the detected
voltage value of the voltage sensor 64. That is, when the
detected current value of the current sensor 66 and the
detected voltage value of the voltage sensor 68 are ab-
normal or when the failure signal is fed from the converter
58, not the first voltage control part 30b but the second
voltage control part 30c controls the voltage of the DC
bus 110 based on the detected voltage value of the volt-
age sensor 64.

[0055] When the detected current value of the current
sensor 66 and the detected voltage value of the voltage
sensor 68 are abnormal, this is believed to be due to the
opening of a circuit between the capacitor 19 and the
converter 58. That is, if the circuit is open between the
capacitor 19 and the converter 58, for example, the de-
tected current value of the current sensor 66 suddenly
becomes zero or the detected voltage value of the voltage
sensor 68 suddenly becomes zero. Therefore, such cas-
es may be determined to be circuit opening, so that the
failure detecting part 30d generates the abnormality sig-
nal. In the case where the value of the current detected
by the current sensor 66 remains zero in spite of a com-
mand for the converter 58 to discharge the capacitor 19,
it may also be determined that the circuitis open between
the capacitor 19 and the converter 58, and the failure
detecting part 30d generates the abnormality signal. Fur-
ther, the failure detecting part 30d generates the abnor-
mality signal also in such cases as the case of the failure
of the converter 58, when the electrical connection be-
tween the DC bus 110 and the capacitor 19 is often lost.
[0056] As described above, when the abnormality sig-
nal is generated by the failure detecting part 30d and
outputto the second voltage control part 30c as the switch
signal, switching to voltage control is performed.

[0057] FIG. 6 is a functional block diagram of an ex-
ample of the control of switching the voltage control
mode. Usually, the detected current value from the cur-
rent sensor 62 is converted into a torque value in a torque
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conversion part 76. Then, the deviation between a torque
command value for controlling the output of the motor
generator 12 and the torque value from the torque con-
version part 76 is fed to a compensator 74. The compen-
sator 74 determines a current command based on the
fed deviation, and feeds the current command to a switch-
ing command generating part 72. The switching com-
mand generating part 72 generates a switching com-
mand for controlling the inverter 18, which controls the
driving of the motor generator 12, based on the current
command, and feeds the switching command to the in-
verter 18. The inverter 18 controls the driving of the motor
generator 12 based on the switching command.

[0058] The normal control of the motor generator 12
is as described above, and is performed when the switch
signal is not fed.

[0059] On the other hand, when the abnormality signal
is generated so that the switch signal is fed, the compen-
sator 74 is switched to a compensator 70, so that voltage
control is performed. In the voltage control, first, the de-
viation between the detected voltage value from the volt-
age sensor 64, which detects the voltage of the DC bus
110, and a voltage command value for causing the DC
bus 110to have a target voltage is fed to the compensator
70. The compensator 70 determines a current command
by performing Pl control based on the fed deviation.
Then, the current command from the compensator 70 is
fed to the switching command generating part 72. The
switching command generating part 72 generates a
switching command for controlling the inverter 18, which
controls the driving of the motor generator 12, based on
the current command, and feeds the switching command
to the inverter 18. The inverter 18 controls the driving of
the motor generator 12 based on the switching com-
mand.

[0060] The control of the motor generator 12 per-
formed when the abnormality signal is generated is as
described above.

[0061] FIG. 7 is a functional block diagram of another
example of the control of switching the voltage control
mode. In the case illustrated in FIG. 7, in place of switch-
ing compensators, the gains determined in a compensa-
tor 78 are switched based on the switch signal. The com-
pensator 78 switches the gain to be used by performing
PI control based on the fed deviation.

[0062] First, the value to be fed to the compensator 78
is switched, based on the switch signal, between the de-
viation between the detected voltage value and the volt-
age command value and the deviation between the
torque value and the torque command value. If the switch
signal is fed, switching is performed so that the deviation
between the detected voltage value and the voltage com-
mand value is fed to the compensator 78.

[0063] The switch signal is fed to the compensator 78
as well. A gain changing part 80 determines that a gain
K used in the compensator 78 be K1 if the switch signal
is not fed. When the switch signal is not fed, such switch-
ing is performed as to feed the compensator 78 with the
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deviation between the torque value and the torque com-
mand value. Therefore, the compensator 78 calculates
such a current command value as to cause the torque
value to approach the toque command value.

[0064] On the other hand, if the switch signal is fed,
the compensator 78 determines that the gain K to be
used be K2. When the switch signal is fed, such switching
is performed as to feed the compensator 78 with the de-
viation between the detected voltage value and the volt-
age command value. Therefore, the compensator 78 cal-
culates such a current command as to cause the detected
voltage value to approach the voltage command value.
[0065] The switching command generating part 72
generates a switching command for controlling the in-
verter 18, which controls the driving of the motor gener-
ator 12, based on the current command, and feeds the
switching command to the inverter 18. The inverter 18
controls the driving of the motor generator 12 based on
the switching command .

[0066] Accordingly, when the switch signal is not fed,
the motor generator 12 is driven based on the switching
command generated based on the gain K1 for torque
control. This control is normal torque control, and is per-
formed when the switch signal is not fed. On the other
hand, when the switch signal is fed, the motor generator
12 is driven based on the switching command generated
based on the gain K2 for voltage control. This control is
the voltage control performed when the abnormality sig-
nalis generated, and is performed when the switch signal
is supplied.

[0067] Next, adescription is given of a mode switching
process for switching the control mode of the motor gen-
erator 12 when circuit opening or a failure occurs in the
electric power accumulation system 120. FIG. 8 is a flow-
chart of a process for switching the control mode of the
motor generator 12.

[0068] First, in step S1, the occurrence of circuit open-
ing or a failure in the electric power accumulation system
120 is detected. This detection is performed by the ab-
normality detecting part 30d of the controller 30. If no
occurrence of circuit opening or a failure is detected in
the electric power accumulation system 120, the process
proceeds to step S2. In step S2, since no failure is de-
tectedin step S1, the abnormality detecting part 30d gen-
erates no abnormality signal, causes the switch signal
for switching the control mode of the motor generator 12
to be OFF, and ends the mode switching process. That
is, the control mode of the motor generator 12 is the nor-
mal torque control.

[0069] On the other hand, if the occurrence of circuit
opening or a failure in the electric power accumulation
system 120 is detected in step S1, the process proceeds
to step S3. In step S3, since a failure is detected in step
S1, the abnormality detecting part 30d generates the ab-
normality signal. Then, the abnormality detecting part
30d causes the switch signal for switching the control
mode of the motor generator 12 to be ON. In response
to the switch signal being ON, in step S4, the second
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voltage control part 30c performs such control as to
switch the voltage control mode as illustrated in FIG. 6
or FIG. 7, thereby switching the control mode of the motor
generator 12 from torque control to voltage control. At
this point, since the converter 58 is prevented from sup-
plying the DC bus 110 with electric current, the first volt-
age control part 30b is prevented from controlling the
voltage of the DC bus 110. Therefore, by switching the
second voltage control part 30c to voltage control, the
driving of the motor generator 12 is controlled to control
the voltage of the DC bus 110. This allows the turning
electric motor 21 to be driven with the electric current
generated and supplied to the DC bus 110 by the motor
generator 12. Since the converter 58 is prevented from
performing voltage control, the driving of the motor gen-
erator 12 is controlled, so that the voltage of the DC sub
110 is controlled.

[0070] After the switching of the control mode in step
S4, in step S5, the operation of controlling output to the
hydraulic load is performed. Since no electric current is
supplied from the capacitor 19 (battery) of the electric
power accumulation system 120, the motor generator 12
is prevented from being driven with electric current from
the capacitor 19, so that the main pump 14 (hydraulic
pump) is to be driven by the engine 11 only. Therefore,
by reducing output to the hydraulicload (thatis, the output
of the main pump 14), the engine 11 is prevented from
being overloaded.

[0071] With the control mode of the motor generator
12 being switched to voltage control as described above,
the hydraulicload may be driven to some extent by driving
the main pump 14 with the engine 11 only, and the turning
electric motor 21 may be driven to some extent through
the power generation of the motor generator 12. That is,
even if no electric current is supplied from the capacitor
19 because of the occurrence of circuit opening or a fail-
ure in the electric power accumulation system 120, the
hydraulic load and the electrical load may be driven to
some extent. Therefore, the occurrence of a failure does
not mean an immediate stop of work, and the work may
be continued with a certain output.

[0072] Inthisembodiment,the caseisillustrated where
the voltage control of the motor generator 12 is performed
in response to generation of the abnormality signal. How-
ever, in the case of normal control as well, where there
is no generation of the abnormality signal, such control
may be performed as to keep the voltage of the DC bus
110 constantby the voltage control of the motor generator
12. In this case, the voltage of the DC bus 110 is kept
constant by the inverter 18, and the converter 58 per-
forms charge and discharge between the battery 19 and
the DC bus 110 in accordance with the charge storage
voltage request (the target value of the stored charge
voltage) of the battery 19.

[0073] In the above-described embodiment, the de-
scription is given, taking a parallel hybrid working ma-
chine as an example, while the present invention may
also be applied to so-called series hybrid working ma-
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chines.

[0074] FIG. 9is a block diagram illustrating a configu-
ration of a series hybrid hydraulic shovel, which is a series
hybrid working machine to which the present invention
may be applied. In FIG. 9, a double line, a bold solid line,
a fine solid line, and a dotted line indicate a mechanical
power system, a hydraulic line, an electric drive system,
and an electric control system, respectively.

[0075] An engine 212 of a mechanical drive part 211
drives a generator 214 of a power generating part 213.
The electric power generated by the generator 214 is
supplied to an electric power accumulating part 216 via
an inverter 215 of the power generating part 213. The
electric power supplied to the electric power accumulat-
ing part 216 is supplied to a battery (not graphically illus-
trated) as an electric power accumulator by a converter
217. As a result, the battery is charged.

[0076] An electricalload system 220, which is supplied
with electric power from the battery to be driven, includes
a turning electric motor 221 and a pump driving electric
motor 222. The turning electric motor 221 is a motor for
driving a turning mechanism to turn an upper-part turning
body. The turning electric motor 221 is supplied with elec-
tric power from the battery via an inverter 223.

[0077] The pump driving electric motor 222 alsois sup-
plied with electric power from the battery via an inverter
224. The pump driving electric motor 222 is a motor for
driving a hydraulic pump 226 of a hydraulic load system
225,

[0078] The hydraulic pressure generated in the hy-
draulic pump 226 is supplied via a control valve 227 to
each of a bucket cylinder 209, an arm cylinder 208, a
boom cylinder 207, a traveling (right) hydraulic motor
228, and a traveling (left) hydraulic motor 229. The bucket
cylinder 209 is a hydraulic cylinder for driving a bucket.
The arm cylinder 208 is a hydraulic cylinder for driving
an arm. The boom cylinder 207 is a hydraulic cylinder for
driving a boom. The traveling (right) hydraulic motor 228
is a hydraulic motor for driving the right-side crawler of a
lower-part traveling body. The traveling (left) hydraulic
motor 229 is a hydraulic motor for driving the left-side
crawler of the lower-part traveling body.

[0079] An electric power accumulator such as an elec-
tric double layer capacitor is used as the battery. The
battery, however, is not limited to this, and other charge-
able and dischargeable electric power accumulators may
also be used. The electric power accumulator has the
advantage of the capability of easily determining the state
of charge (SOC) from the voltage across the electric pow-
er accumulator. A voltage detector (not graphically illus-
trated) is connected to the terminals of the battery to de-
tect the voltage across the battery.

[0080] A controller 240 controls the inverters 215, 223,
and 224 and the converter (not graphically illustrated) to
control electric power supplied from the generator 214
to the battery (the charged capacity of the battery) and
electric power supplied from the battery to the electrical
load system 220 (the discharged capacity of the battery).
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Further, the controller 240 determines the state of charge
(SOC) of the battery based on the detected voltage from
the voltage detector 230, and controls the output
(charged/discharged capacity) of the battery based on
the determined state of charge (SOC).

[0081] In the series hybrid hydraulic shovel of the
above-described configuration, a current sensor is pro-
vided between the generator 214 and the inverter 215,
and a voltage sensor that detects the voltage of a DC
bus 219 is provided. Then, like in the above-described
parallel hybrid hydraulic shovel, by switching the voltage
control of the DC bus 219 in the controller 240, it is pos-
sible to control the generator 214 to supply electric cur-
rent to the DC bus 219 and drive the electrical load. In
the series hybrid hydraulic shovel, the hydraulic pump
226 is driven by the pump driving electric motor 222.
Therefore, the hydraulic load also is driven with electric
current due to the power generation of the generator 214.
[0082] Theabove description of the embodimentis giv-
en, taking hybrid working machines as examples, while
the present invention may also be applied to a servo con-
trol system where an electric power accumulator is
charged by a generator driven by an engine and an elec-
trical load is driven with electric power from the electric
power accumulator. That is, in a servo control system
including a direct-current bus electrically connected to
an electric power accumulator, a voltage detector to de-
tect the voltage of the direct-current bus, and a drive con-
trol part to control the driving of the generator based on
the detected voltage value of the voltage detector, the
drive control part controls the generator based on the
deviation between the detected voltage value and a volt-
age command value.

[0083] The present invention is not limited to the spe-
cifically disclosed embodiment, and variations and mod-
ifications may be made without departing from the scope
of the present invention.

[0084] The present application is based on Japanese
Priority Patent Application No. 2009-018590, filed on
January 29, 2009, the entire contents of which are incor-
porated herein by reference.

INDUSTRIAL APPLICABILITY

[0085] The presentinvention may be applied to hybrid
working machines that have an engine to drive a hydrau-
lic pump assisted with an electric motor.

DESCRIPTION OF THE REFERENCE NUMERALS
[0086]

1 lower-part traveling body
1 traveling mechanism

2 turning mechanism

3 upper-part turning body
4 boom

5 arm
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26A, 26B
26C
27

28

29

30
30a
30b
30c
30d
32

40

54

56

58

60

62, 66
64, 68
70,74,78
72

76

80
110
120
211
212
213
214
215, 223, 224
216
219
220
221
222
225
226
227
228
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bucket

boom cylinder

arm cylinder

bucket cylinder

cabin

engine

motor generator
transmission

main pump

pilot pump
high-pressure hydraulic line
control valve

inverter

battery

inverter

turning electric motor
mechanical brake
turning transmission
pilot line

operation apparatus
lever

pedals

hydraulic line

hydraulic line

pressure sensor
controller

speed control part

first voltage control part
second voltage control part
abnormality detecting part
engine control part
drive control unit
hydraulic load

electrical load
converter

speed sensor

current sensor

voltage sensor
compensator

switching command part
torque conversion part
gain changing part

DC bus

electric power accumulation system

mechanical drive part
engine

power generating part
generator

inverter

electric power accumulating part

DC bus

electrical load system
turning electric motor
pump driving electric motor
hydraulic load system
hydraulic pump

control valve

traveling (right) hydraulic motor



228
240

17

traveling (left) hydraulic motor
controller

Claims

2,

A hybrid working machine having an electric power
accumulator charged by a generator driven by an
engine and having an electrical load driven with elec-
tric power from the electric power accumulator, com-
prising:

adirect-current bus electrically connected to the
electric power accumulator;

a voltage detector configured to detect a voltage
of the direct-current bus; and

a drive control part configured to control driving
of the generator based on a detected voltage
value of the voltage detector,

wherein the drive control part is configured to
control the generator based on a deviation be-
tween the detected voltage value and a voltage
command value.

The hybrid working machine as claimed in claim 1,
comprising:

a converter configured to control charge and dis-
charge of the electric power accumulator in ac-
cordance with a charge storage voltage request,
the converter being provided between the elec-
tric power accumulator and the direct-current
bus.

The hybrid working machine as claimed in claim 1,
wherein the drive control part is configured to start
controlling a voltage of the direct-current bus based
on an abnormality signal generated in response to
detection of an abnormality of a component of a elec-
tric power accumulation system including the electric
power accumulator.

The hybrid working machine as claimed in claim 3,
further comprising:

a current detector configured to detect a current
from the generator and a current flowing through
the generator,

wherein the drive control part is configured to
switch torque control to voltage control in re-
sponse to the generation of the abnormality sig-
nal, the torque control determining a torque com-
mand value so that a desired assist power is
generated, the voltage control being based on
the detected voltage value of the voltage detec-
tor configured to detect the voltage of the direct-
current bus.
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The hybrid working machine as claimed in claim 3,
wherein the drive control part is configured to reduce
an output of a hydraulic pump in response to the
generation of the abnormality signal.

The hybrid working machine as claimed in claim 4,
wherein the drive control part is configured to output
a plurality of control gains including a voltage control
gain and a current control gain.

A servo control system having an electric power ac-
cumulator charged by a generator driven by an en-
gine and having an electrical load driven with electric
power from the electric power accumulator, compris-

ing:

adirect-current bus electrically connected to the
electric power accumulator;

a voltage detector configured to detect a voltage
of the direct-current bus; and

a drive control part configured to control driving
of the generator based on a detected voltage
value of the voltage detector,

wherein the drive control part is configured to
control the generator based on a deviation be-
tween the detected voltage value and a voltage
command value.
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FIG.3
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